(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
International Bureau 




lllllllllillilililiilllillllllllHillllli^ 



(43) International Publication Date (10) International Publication Number 

1 April 2004 (01.04.2004) PCT WO 2004/026487 A2 



(51) International Patent Classification'': 



B05B 



(21) International Application Number: 

PCTAJS2003/028191 

(22) Internationa] Filing Date: 

10 September 2003 (10.09.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

10/252,194 23 September 2002 (23.09.2002) US 

(71) Applicant: SPRAYING SYSTEMS CO. [US/US]; North 
Avenue at Schmale Road, P.O. Box 7900, Wheaton, XL 
60189-7900 (US). 

(72) Inventor: HARUCH, James; 1570 Selby Road, 
Naperville, IL 60563 (US). 

(74) Agent: SCHLEMMER, Dennis, R.; Leydig, Voit & 
Mayer, Ltd., Two Prudential Plaza Suite 4900, 180 N 
Stetson Av. Chicago. IL 60601-6780 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ. DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE, 
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG. MK, 
MN, MW, MX, MZ, NT, NO, NZ, OM, PG, PH, PL, PT, 
RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, 
TT, TZ. UA, UG, UZ, VC, VN, YU. ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE. BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, FT, LU, MC, NL, PT, RO, 
SE, SI. SK, TR). OAPI patent (BF, BJ. CF, CG, CI. CM. 
GA, GN. GQ. GW. ML. MR, NE, SN. TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



(54) TlUe: IMPROVED EXTERNAL MIX AIR ATOMIZING SPRAY NOZZLE ASSEMBLY 




< 

00 

(57) Abstract: An external mix air assisted spray nozzle assembly having a nozzle body, and an air cap for a directing pressurized 
air streams on a discharging liquid stream external to the liquid discharge orifice of the nozzle assembly for atomizing and forming 
the liquid into the desired spray pattern. The air cap includes an upstream internal air chamber, an external, downstream liquid 
discharge and mixing chamber, and a centra] opening coaxial with the liquid discharge orifice communicating between the upstream 
and downstream chambers. The air cap further includes a plurality of angled pressurized air discharge passages which communicate 
with an annular plenum of the air chamber disposed in sum>unding relation to the centra] opening for enabling substantially uniform 
particle breakdown and distribution at lower air pressures than heretofore possible. 
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IMPROVED EXTERNAL MIX 
AIR ATOMIZING SPRAY NOZZLE ASSEMBLY 

The present invention relates generally to spray 
5 nozzle assemblies, and more particularly, to ^^external mix" 
air atomizing spray nozzle assemblies in which a 
discharging lic[uid flow stre.am is atomized and formed into 
the desired spray pattern by pressurized air externally of 
the liquid discharge orifice • 

10 

BACKGROUND OF THE INVENTION 
External mix air atomizing spray nozzles are known for 
their ability to control of liquid particle size and spray 
distribution by pressurized air, independent of the liquid 

15 flow rate . They also can be used with relatively low 
pressure air supplies, such as on the order of 15 psi, 
which can be generated from inexpensive blowers, rather 
than air compressors. However, such spray nozzles 
typically must be formed with intricate air flow passages 

20 which communicate through the spray nozzle to locations 
downstream of the liquid discharge orifice. Such 
passageways are expensive to manufacture, create pressure 
losses, and if not formed with precision and accuracy can 
result in burrs and passage misalignments that cause 

25 further pressure losses that detract from efficient 

operation of the spray nozzle. Hence, the pressurized air 
supply generated by low-pressure blowers sometimes is 
inadequate to enable effective liquid particle breakdown 
and direction. Moreover, while external mix air atomizing 

3 0 spray nozzles have been used for producing flat fan spray 
patterns, heretofore they have not been effective, at low 
pressures, for generating full cone liquid spray patterns 
with substantially uniform liquid particle breakdown. 
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OBJECTS AlSnP SUMMARY OF THE INVENTION 
It is an object of the present invention to provide an 
external mix air atomizing spray nozzle assembly which is 
5 adapted for more efficient and reliable operation. 

Another object is to provide an external mix air 
atomizing spray nozzle assembly as characterized above 
which can be effectively operated at substantially lower 
air pressures than heretofore possible. 

10 A further object is to provide an .external mix spray 

nozzle assembly of the above kind which can be effectively 
operated at relatively low air pressures in producing flat 
or full cone liquid spray patterns with siibstantially 
uniform liquid particle breakdown. 

15 Still another object is to provide such an external 

mix air atomizing spray nozzle assembly that has an air- 
directing cap which is adapted for more economical 
manufacture. A related object is to provide a reliable 
method of making such air cap. 

20 . Other objects and advantages of the invention will 

become apparent upon reading the following detailed 
description and upon reference to the drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 FIGURE 1 is a longitudinal section of an illustrative 

spray nozzle assembly in accordance with the invention; 

FIG. 2 is an end view of the air cap of the 
illustrated spray nozzle assembly taken in the plane of 
line 2-2 in FIG. 1; 
3 0 FIG. 3 is a longitudinal section of the air cap taken 

in the plane of line 3-3 in FIG. 2; 

FIG. 4 is a longitudinal section of a spray nozzle 
assembly having an alternative embodiment of air cap; 
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FIG. 5 is an air cap of the spray nozzle assembly of 
FIG- 4, taken in the plane of line 5-5; 

FIG. 6 is a longitudinal section of a spray nozzle 
assembly having still another alternative embodiment of air 
5 cap in accordance with the invention; 

FIG. 7 is a perspective of the air cap of the spray 
nozzle assembly shown in FIG. 6; 

FIG. 8 is a longitudinal section of the air cap shown 
in FIG. 7, taken in the plane of line 8-8; and 
10 FIG. 9 is a diagrammatic depiction illustrating a 

method of manufacturing an air cap in accordance with the 
invention. 

While the invention is susceptible of various 
modifications and alternative constructions, certain 

15 illustrated embodiments thereof have been shown in the 

drawings and will be described below in detail , It should 
be understood, however, that there is no intention to limit 
the invention to the specific forms disclosed, but on the 
contrary, the intention is to cover all modifications, 

20 alternative constructions and equivalents falling within 
the spirit and scope of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now more particularly to the drawings, there 

25 is shown an illustrative spray nozzle assembly 10 embodying 
the present invention. The spray nozzle assembly 10 in 
this case comprises a nozzle body 11, an air cap 12 moimted 
at the downstream into the nozzle body 11, and a retaining 
ring 14 for releasably securing the air cap 12 in mounting 

30 position. The illustrated spray nozzle assembly 10 is 
mounted on a base portion 15 through which pressurized 
liquid and air is supplied from appropriate sources. 
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The illustrated nozzle body 11 is formed with a 
central liquid passage 16 and a plurality of pressurized 
air or gas passages 18 disposed in circumf erentially spaced 
relation about the liquid passage 16. The liquid passage 
5 16 in this case communicates with a liquid discharge spray 
tip 20 fixed in the downstream end of the nozzle body 11 in 
I forwardly extending relation thereto. The liquid spray tip 
20 defines a tapered entry chamber 21 which communicates 
with a smaller diameter liquid discharge passage 22 formed 

10 in a relatively small diameter nose 24 of the spray tip 25. 
The air passages 18 extend in siabstantially straight 
fashion between upstream and downstream ends of the nozzle 
body in inwardly tapered relation to the longitude axis of 
the nozzle assembly. 

15 The nozzle body 10 is connected to the base portion 15 

by a rearwardly extending externally threaded stem 2 6 of 
the nozzle body 11 received in a threaded cavity in the 
base portion 15 such that the liquid and air passages 16, 
18 of the nozzle body 11 are aligned with corresponding 

20 liquid and air passages 28, 29 in the base portion 15. 

Liq[uid and air inlet ports (not shown) which communicate 
respectively with the lic[uid and air passages 28, 29 are 
provided in the base portion 15. In a known manner, 
suitable supply lines can be attached to the liquid and gas 

25 inlet ports to supply the nozzle assembly 10 with 
pressurized liquid and gas. 

The air cap 12 has a cylindrical upstream end portion 
with an outwardly extending radial flange 30 that is 
secured to the nozzle body 11 by the retaining ring 14 

3 0 which is threaded into an externally threaded portion of 

the nozzle body 11. For ensuring proper seating of the air 
cap 12 on the nozzle body 11, a downstream end of the 
nozzle body 11 is formed with a cylindrical hub 31 onto 
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which the air cap 12 is positionable against an annular 
seat 32 of the nozzle body 11. 

In accordance with the invention, the air cap has a 
simple to manufacture construction which enables more 
5 efficient utilization of pressurized air in atomizing and 
directing the desired liquid spray pattern. To this end, 
the air cap 12 is formed with an upstream opening 
counterbore or chamber 35 that is mountable on the nozzle 
body hub 31 and which together with the end of the nozzle 

10 body 11 defines a generally cylindrical air chamber 36 

commxani eating with the nozzle body air passages 18. The 
downstream end of the air cap 12 is formed with an external 
discharge and mixing chamber 38, preferably f rustoconical 
in shape and extending in outwardly opening fashion in a 

15 downstream direction at an angle $ of between 30 and 120*", 
depending on the desired spray pattern. The air cap 12 is 
further formed with a central cylindrical opening 3 9 which 
extends between the cylindrical air chamber 36 and the 
discharge and mixing chamber 38 and which receives the 

20 forwardly extending nose 24 of the lic[uid spray tip 20. 
The downstream end of the spray tip nose 24 is located 
adjacent the downstream end of the cylindrical opening 39 
and is concentrically located within the opening 39 such 
that the outer perimeter of the nose 24 and the cylindrical 

25 opening 39 define an annular air passage 40 communicating 
between the cylindrical air chamber 36 and the liquid 
discharge and mixing chamber 38. It will be seen that 
pressurized air communicated from the air inlet passages 2 9 
through the nozzle body air passages 18 and into the 

3 0 cylindrical air chamber 36 of the air cap 12 will 
communicate through the annular air passage 40 and 
discharge in surrounding relation to a liquid flow stream 
discharging from the spray tip 20, preliminarily atomizing 



wo 2004/026487 



PCT/US2003/028191 



6 

and axially directing the liquid flow stream as it proceeds 
into and through the discharge and mixing chamber 38. 

In carrying out the invention, the air cap 12 is 
formed with an annular air plenum or chamber 4 5 which 
5 defines a central hub 46 intermediate the cylindrical air 
chamber 36 and the liquid discharge and mixing chamber 38 
and which commimicates with the liquid discharge and mixing 
chamber 38 downstream of the liquid discharge passage 22 
through a plurality of angled air discharge passages 48 for 

10 effecting the desired spray characteristics. The annular 
air plenum or chamber 46 in this case is defined by an 
outer cylindrical sidewall 50 which is only slightly 
smaller in diameter than the count erbore 35, a downstream 
end wall 51 perpendicular thereto, a cylindrical sidewall 

15 52 of the hixb 46, and an outwardly tapered sidewall 54. 

The angled passages 48 are cylindrically configured and in 
this case extend in substantially perpendicular relation to 
the conical surface that defines the external liquid 
discharge and mixing chamber 38. 

20 It will be understood by one skilled in the art that 

since the angled air discharge passages 48 communicate with 
the annular plenum or chamber 45, the angled passages 48 
may be readily formed, such as by drilling, without close 
tolerances or multiple drilling operations and without the 

25 necessity for aligning the passages with other small 

drilled holes or passages. Hence, ther^e is less likelihood 
for misalignment of the air discharge passages, burrs, or 
sharp bends in the passages that can create pressure losses 
and hinder efficient liquid atomization and direction. 

30 Indeed, it has been unexpectedly found that a spray nozzle 
assembly according to the present invention may be operated 
at substantially lower air atomizing pressures than 
heretofore possible. In practice, effective spraying has 
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been achieved with air pressures as low as 3 psi, which can 
be generated by a relatively small, inexpensive blower. 
Moreover, since the pressurized atomizing and directing air 
impinges the liquid flow stream at locations downstream, 
5 i.e., external, of the liquid spray tip, the pressurized 
air streams are advantageously effective for atomizing and 
forming the desired spray pattern independent of the liquid 
flow rate. Variations in air pressure therefore can be 
utilized for altering liquid particle size and 

10 distribution, without affecting the liquid flow rate. 

Increasing air pressure will increase atomization, while 
lower operating air pressure will permit direction of spray 
patterns with larger particle sizes. 

In keeping with the invention, the design of the air 

15 cap 12 of the present invention can be readily modified for 
the desired spray pattern and liquid particle size to be 
generated by the nozzle assembly. The air cap 12, as 
depicted in FIGS. 1-3, for example, is designed for 
generating and directing a flat spray pattern. To this 

20 end, the air cap 12 has a pair of angled pressurized air 

discharge passages 48 located in opposing relation to each 
other on opposite sides of the liquid discharge orifice 22 . 
Pressurized air emitted from the annular air discharge 
passage 40 preliminarily atomizes and directs the liquid in 

25 a downstream direction as it emits from the liquid spray 

tip 20, while the pressurized air directed from the angled 
air discharge orifices 48 further atomizes the discharging 
liquid while shaping the particles into a substantially 
flat spray pattern with substantially uniform liquid 

3 0 particle breakdown. 

In order to assist the user of the spray nozzle 
assembly 10 in orienting the air cap 12 for the desired 
orientation of the discharging flat spray pattern, the 
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downstream end of the air cap 12 is formed with flats 50 on 
opposed sides of the angled discharge passages 48, which 
are thereby in perpendicular relation to the orientation of 
the discharging flat spray pattern. It will be understood 
5 by one skilled in the art that the flats 50 may pass 

through opposite sides of the liqpaid discharge and mixing 
chamber 38, thereby opening the opposed sides of the 
chamber. As used herein, the term liquid discharge and 
mixing chamber is not limited to a close-sided chamber. 

10 Referring now to FIGS. 4-5, there is shown an 

alternative form of air cap 12a in accordance with the 
invention for use with the illustrated spray nozzle 
assembly, wherein items similar to those described above 
have been given similar reference numerals with the 

15 distinguishing suffix ^^a" added. The air cap 12a in this 
case is adapted to generating and directing a relatively 
narrow, round full cone spray pattern. The air cap 12a 
again is formed with an upstream internal air chamber 36a 
that includes an annular air plenum 45a in surrounding 

20 relation to a central air cap opening 39a and angled 

passages 48a commxmicating between the annular chamber 45a 
and the downstream liquid and discharge chamber 38a . 

In carrying out this embodiment of the invention, the 
air cap 12a is formed with a plurality, in this case six, 

25 equally spaced angled pressurized air discharge passages 
48a at equal circumf erentially spaced locations about the 
central air cap opening 39a. The combination of the 
annular stream of pressurized atomizing air directed 
axial ly through the central air cap opening 3 9a and the 

3 0 plurality of circumf erentially spaced, angled pressurized 
air streams discharging from the angled passages 48a forms 
and directs the liquid into a round full cone spray pattern 
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with substantially uniform liquid particle atomization 
distributed throughout the pattern. 

Referring now to PIGS. 6-8, there is shown a further 
alternative enibodiment of air cap 12b for use with the 
5 spray nozzle assembly in accordance with the invention, 
wherein items similar to those described above have been 
given similar reference numerals with the distinguishing 
suffix "^b" added. The air cap 12b in this case is adapted 
for producing a wider angle, round full cone spray pattern 

10 with substantially uniform particle distribution throughout 
the pattern. The air cap 12b again is formed with an 
upstream air chamber 36b having an internal annular air 
plenum 45b in surrounding relation to a central air cap 
opening 39b communicating with an upstream air chamber 36b. 

15 The air cap 12b, similar to the embodiment of FIGS. 1-3, 
has a pair of opposed pressurized air discharge orifices 
48b communicating between the annular air plenum45b and the 
liquid discharge and mixing chamber 38b. 

In carrying out this embodiment of the invention, to 

20 facilitate liquid atomization and to create a full cone 
swirling liquid spray pattern, the air cap 12b is formed 
with a pair of tangential air discharge passages 55 
downstream of the central air cap opening 39b and upstream 
of the angled pressurized air discharge passages 48b* The 

25 liquid discharge and mixing chamber 38b in this instance 

has a cylindrical upstream portion defined by a cylindrical 
sidewall 56 which communicates with an outwardly opening 
frustoconical portion defined by a f roistoconical sidewall 
58 . The tangential air passages 55 are in a common plane 

30 perpendicular to the longitudinal axis of the air cap 12b 
and tangentially commianicate through the cylindrical 
sidewall 56 from the annular air plenum 45b. For ease of 
manufacturing, the tangential passages 55 are defined by 
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drilled holes that extend completely through the outer 
sidewall of the annular plenum 45b. A ring 59 is then 
fitted in tightly surrounding relation to the downstream 
end of the air cap, in this case within a reduced diameter 
5 portion thereof, for sealing the outer ends of the 
tangential passages 55. 

It will be \inderstood that pressurized air discharging 
from the tangential passages 55 atomizes and imparts 
swirling movement to the discharging liquid, and 

10 simultaneously, pressurized air discharged from the angled 
passages 48b impinge upon the swirling liquid downstream 
thereof for further atomizing the liquid and further 
shaping the liquid particles into the desired conical spray 
pattern. The unique combination of the tangential and 

15 angled pressurized air passages 55, 48b have been 

unexpectedly found to produce relatively wide angle, round 
full -cone spray patterns with substantially uniform liquid 
particle breakdown . 

In keeping with the invention, it will be appreciated 

20 by one skilled in the art that the air cap 12, 12a, 12b 
lends itself to economical and efficient manufacture. 
Indeed, the air cap may be machined without tight 
tolerances. From a cylindrical blemk 65, as depicted in 
FIG. 9, the cylindrical chamber 36 and annular air plenum 

25 45 may be machined in a forming operation. It will be 

understood that the cylindrical air chamber 36 and annular 
air plenum 45 may be formed with a single forming tool 66 
in a single machining operation, or alternatively, may be 
formed in a two-step machining operation with separate 

3 0 forming tools. The outwardly opening liquid discharge and 
mixing chamber 38 may similarly be machined by a forming 
tool 67. 
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In carrying out an important aspect of the method 
invention, the central air cap opening 39, the angled 
pressurized air passages 48, and the tangential air 
passages 55 may be formed by drilling, without the 
5 necessity for aligning the drilled holes with other drilled 
or small diameter apertures. Like the central air cap 
opening 39, the angled pressurized air passages 48 and the 
tangential air passages 45 communicate between open 
chambers or plenums so as to eliminate the necessity for 

10 accurate alignment with other drilled holes or apertures, 

which reduces the potential for sharp edges or burrs in the 
passages that can irtpede air flow, create pressure drops, 
and hinder spraying efficiency* The remaining external 
features for the air cap, such as the flats 50- and 

15 retaining flange 30, also may be readily machined in a 
convent ional manner . 

From the foregoing, it can be seen that the external 
mix air atomizing spray nozzle assembly of the present 
invention is adapted for both economical manufacture and 

20 more efficient and reliable operation. The spray nozzle 
assembly can be operated at sTibstantially lower air 
pressures than heretofore possible, and by easy design 
modification, can be effectively used for directing flat or 
full cone liquid spray patterns with siibstantially uniform 

25 liquid particle breakdown. 
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What is claimed: 

1. An air assisted spray nozzle assembly comprising: 
a nozzle body having a liquid passage for connection 

to a pressurized liquid supply and an air passage for 
5 connection to a pressurized air supply, 

said liquid passage having a downstream liquid 
discharge orifice from which a pressurized liquid stream is 
axially discharged, 

an air cap disposed adjacent said nozzle body, said 

10 air cap being formed with an air chamber communicating with 
said air passage, said air cap being formed with an 
external liqaiid discharge and mixing chamber in a 
downstream end thereof and a central opening coaxial with 
said lic[uid discharge orifice commionicating between said 

15 air chamber and said liquid discharge and mixing chamber, 

said air chamber including an annular plenum disposed 
in radially spaced surrounding relation to said central 
opening , and said air cap having a plurality of angled 
pressurized air discharge passages communicating between 

20 said annular plenum and said liquid discharge and mixing 
chamber at an angle to the axis of said central air cap 
opening and liquid discharge orifice for directing 
pressurized air onto a liquid flow stream discharging from 
said liquid discharge orifice at a location downstream of 

25 said liquid discharge orifice for further atomizing the 
liquid and directing discharging liquid into a 
predetermined spray pattern. 

2 . The spray nozzle assembly of claim 1 in which 
3 0 said liquid passage discharge orifice is defined by a 

liquid spray tip fixed in said nozzle body, and said liq[uid 
spray tip having a nose concentrically located in said 
central air cap opening for defining an annular air 
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discharge passage communicating between said air chamber 
and said liquid discharge and mixing chamber through which 
pressurized air is axially directed in surrounding relation 
to a liquid flow stream discharging from said liquid 
5 discharge orifice. 



3. The spray nozzle assembly of claim 1 in which 
said air chamber includes a cylindrical chamber in an 
upstream end of said air cap which communicates with said 

10 annular plenum. 

4. The spray nozzle assembly of claim 1 in which 
said liquid discharge orifice is disposed adjacent a 
downstream end of said central air cap opening. 

15 

5 . The spray nozzle assembly of claim 1 in which 
said annular plenum extends in a downstream direction 
beyond a downstream end of said central air cap opening. 



6. The spray nozzle assembly of claim 1 in which 
said central air cap opening is defined by and extends 
through a hub of said air cap disposed intermediate 
upstream and downstream ends of said air cap, and said 
annular plenum is disposed in surrounding relation to said 
hub. 

7. The spray nozzle assembly of claim 1 in which 
said angled air discharge passages are straight cylindrical 
bores that extend between said annular plenum and said 

3 0 liquid discharge and mixing chamber. 

8 . The spray nozzle assembly of claim 1 in which 
said liquid discharge and mixing chamber has an outwardly 



20 



25 



wo 2004/026487 



PCTAJS2003/028191 



14 

expanding f rustoconical shape, and said angled air 
discharge passages communicate in perpendicular relation 
through f rustoconical wall surfaces of said liquid 
discharge and mixing chamber. 

5 

9. The spray nozzle assembly of claim 8 in which 
said air cap includes a pair of opposed angled air 
discharge passages for directing the discharging liquid 
into a flat spray pattern. 

10 

10 . The spray nozzle assembly of claim 9 in which 
said air cap is formed with a pair of externally exposed 
flats oriented in perpendicular relation to a flat spray 
pattern discharging from said air cap for providing am 

15 indication of the orientation of the discharging flat spray 
pattern. 

11. The spray nozzle assembly of claim 1 in which 
said angled pressurized air passages are disposed in 

20 circumf erentially spaced relation about said central air 

cap opening for forming the discharging liquid flow stream 
into a round spray pattern . 

12 . The spray nozzle assembly of claim 1 in which 

25 said air cap includes a plurality of tangential pressurized 
air discharge passages communicating between said annular 
plenum and said liquid discharge and mixing chamber for 
tangentially directed pressurized air streams on the liquid 
flow stream discharging from said liquid discharge orifice 

30 for forming the discharging liquid into a round spray 
pattern. 
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13. The spray nozzle assexTTbly of claim 12 in which 
said tangential passages communicate with said liquid 
discharge and mixing chamber upstream of said angled 
passages . 

5 

14. The spray nozzle assembly of claim 13 in which 
said air cap liquid discharge and- mixing chamber includes a 
cylindrical portion and a outwardly expanding f rustoconical 
portion downstream of said cylindrical portion, and said 

10 tangential passages communicate between said annular plenum 
and the cylindrical portion of said liquid discharge and 
mixing chamber and said angled passage communicate between 
said annular plenum and said f rustoconical portion of said 
liquid discharge and mixing chamber. 

15 

15. The spray nozzle assembly of claim 12 in which 
said tangential passages extend through an outer sidewall 
of said air cap to said liquid discharge and mixing 
chamber, and said air cap includes an annular ring about a 

20 discharge end thereof sealing external openings of the said 
tangential passages. 



16. An air assisted spray nozzle assembly conprising: 
a nozzle body having a liquid passage for connection 
25 to a pressurized liquid supply and an air passage for 
connection to a pressurized air supply, 

said liquid passage having a downstream liquid 
discharge orifice from which a pressurized liquid stream is 
axial ly discharged, 
3 0 an air cap disposed adjacent said nozzle body, said 

air cap being formed with an internal air chamber 
communicating with said air passage, said air cap being 
formed with an external liquid discharge and mixing chamber 
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in a downstream end thereof, said air cap having a hub 
intermediate upstream and downstream ends of said air cap, 
said hub being formed with a central opening coaxial with 
said liquid discharge orifice communicating between said 
5 air chamber and said liquid discharge and mixing chamber, 
said air chamber including an annular plenum disposed 
in radially spaced surrounding relation to said hiob, and 
said air cap having a plurality of angled pressurized air 
discharge passages communicating between said annular 

10 plenum and said liquid discharge and mixing chamber at an 
angle to the axis of said central air cap opening and 
liquid discharge orifice for directing pressurized air onto 
a liquid flow stream discharging from said liquid discharge 
orifice at a location downstream of said liquid discharge 

15 orifice for further atomizing the liquid and directing 
discharging liquid into a predetermined spray pattern. 



17. The spray nozzle assembly of claim 16 in which 
said liquid passage discharge orifice is defined by a 

20 liquid spray tip fixed in said nozzle body, and said liquid 
spray tip and said central air cap opening defining an 
annular air discharge passage communicating between said 
air chamber and said liqpiid discharge and mixing chamber 
through which pressurized air is axially directed in 

25 surrounding relation to a liquid flow stream discharging 
from said liquid discharge orifice. 



18. The spray nozzle assembly of claim 16 in which 
said annular plenum extends in a downstream direction 
30 beyond a downstream end of said central air cap opening. 



19. The spray nozzle assembly of claim 18 in which 
said angled air discharge passages are straight cylindrical 
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bores that extend between said annular plenum and said 
liquid discharge and mixing chamber. 

20. The spray nozzle assembly of claim 18 in which 
5 said liquid discharge and mixing chamber has an outwardly 

expanding f rustoconical shape, and said angled air 
discharge passages communicate in perpendicular relation 
through f rustoconical wall surfaces of said liquid 
discharge and mixing chamber. 

21. The spray nozzle assembly of claim 20 in which 
said liquid discharge orifice is disposed adjacent a 
downstream end of said central air cap opening. 

22 . A method of making an air cap for an air assisted 
spray nozzle 

assembly comprising the steps of: 

providing a cylindrical blank, making a central 
opening in said blank, forming a liquid discharge and 
mixing chamber in a downstream end of said blank 
communicating with said central opening, forming an air 
chamber in an upstream end of said blank which communicates 
with said central opening and which includes an annular 
plenum in outwardly spaced surrounding relation to said 
central opening, and drilling a plurality of angled air 
passages which communicate between said annular plenum and 
said liquid discharge and mixing chamber at an angle to the 
axis of said central opening. 

30 23. The method of claim 22 including drilling a pair 

of said angled air passages in opposing relation to each 
other on opposite sides of said central opening . 



15 



20 



25 
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24. The method of claim 22 including drilling a 
plurality of said angled air passages at circumf erentially 
spaced locations about said central opening. 



25 The method of claim 22 including drilling a 
plurality of tangential air passages which communicate 
between said annular plenum and said liquid mixing and 
discharge chamber. 



26. The method of claim 25 including drilling said 
tangential passages such that they comiminicate with said 
liquid and discharge chamber upstream of said angled air 
passages. 
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